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INTRODUCTION
Agriculture as it is practiced today had its beginnings centuries
ago when the first seed was planted, cultivated, and harvested for con
sumption. The next significant advancement came with the advent of the
practice of tilling the soil. This was man's first attempt at control
ling a seed's environment by mechanically altering the soil's bulk den
sity, strength, and surface profile. Historical evidence of this dates
back as early as 4000 B.C., with most of the tools being crudely con
structed from stone or wood.
In the proceeding AOOO years, agricultural development was slow,
with most improvements coming by way of trial and error and chance.
Then in 1000 A.D. there came another milestone in agricultural history,
which opened the doors to a new era. That event was the invention of the
horse collar, and though the most sophisticated implement available was
the wooden plow, man could for the first time produce a crop which was
in excess of his personal needs.
Except for some changes in geometry to turn the soil, there were
no real improvements in the plow until the patent for a cast iron mold-
board by Charles Newbold in the early 1700s. It was also about this time
that the scientific community became interested in agriculture. Scien
tists introduced the principles of physics and chemistry to a discipline
based mostly on information and tradition passed from father to son.
The result was the development of land management systems designed for
a particular crop and/or geographic area.
One such system of land management involved the use of equally
spaced ridges across a field, thus the name of ridge farming. The first
applications of ridge farming were in areas where either poor drainage or
excessive rainfall created problems during the planting season. The
seeds planted on a ridge could still germinate and produce healthy plants,
even though water may be standing in the field.
One of the first to recgonize the benefits of using ridge farming
under these conditions was Jethro Tull, as professed in his book "Horse
Hoeing Husbandry." Another characteristic which was pointed out by Tull
is the higher soil temperatures in the ridge, as compared to the soil
temperatures in the flat areas between the ridges.
From these beginnings, ridge farming has been refined into several
systems of land management, most of which are intended for use under less
than optimal conditions. The two examples given, low soil temperature
and high soil moisture, are the most common.
When modern agriculture was begun, with the design of the internal
combustion powered tractor, ridge farming was for the most part over
looked. Generally, it was perceived as being time consuming, difficult
to manage, and at the same time marginally beneficial in terms of cash
profits.
However, in the Midwest during the 1930s, interest in ridge farming
was rekindled by a few researchers. This time the reasons were not
related to improved plant performance, but rather to improved soil con
servation. In several studies in the period from 1930 to the early
1950s, it was shown quite convincingly that the existence of ridges in
a field greatly reduced the amount of soil loss due to water erosion.
especially in the spring before the plants had established a root system,
Still, the problems long associated with the existing methods of
ridge farming prohibited widespread or even minor acceptance of the sys
tem by farmers in the Midwest. At this time it became apparent that
reduced soil loss alone was not reason enough to drastically change
farming practices. What needed to be done was to develop a method of
ridge farming which was both easy to manage and possessed an economic
advantage over conventional systems.
In 1974 a research program was started at Iowa State University to
develop a new method of ridge farming. The new method was based on the
concept of planting on the south side of a triangular shaped asymmetric
ridge. The most recently completed project of this program had two pri
mary objectives, which were as follows:
1. To develop ridge planting machinery capable of producing a
ridge whose planting surfaces face south when travelling both
east and west.
2. To conduct field experiments to study the effects of
ridge height, packing wheel location, and planting sur
face direction, on corn emergence rate and yield.
This thesis is a description of these studies, and the progress
made by them.
REVIEW OF LITERATURE
This review of literature includes only recent relevant work on
the following subjects: ridge environment, erosion control by ridges,
and the performance of plants grown on ridges.
Most of the early laboratory and field experients relating to ridge
farming had to do with the temperature distribution within sloping soil
profiles. Keen (7) reasoned that since a south facing slope receives
more solar radiation per area than a north facing slope, there should
also be a difference in their respective soil temperatures. He verified
his hypothesis in an experiment conducted at Rothamsted using a small
heap of clay soil. In the month of February, he measured the south
slope soil temperature to be 8.4 C greater than the north slope tempera
ture at a depth of 38.1 mm, and 5.4 C greater at a depth of 76.2 mm.
In 1938, at the Missouri Agricultural Experiment Station, Jones and
Beasley (6) started a three year study to develop a planting system which
took advantage of the increased soil temperatures in ridges. The system
developed is similar to contour listing, in that both systems prepare a
ridged seed bed. The ridge system, however, plants on the ridge in
stead of in the furrow as in contour listing. The result was a system
which retained the erosion control of contour listing, but reduced the
possibility of seeds or young plants being drowned by standing water,
or washed out by running water.
Buchele (4) continued the developmental work on the ridge farming
system, as well as conducting additional studies on the temperature
profile in the ridge. In an attempt to develop a machine to perform
the tasks of ridge fanning, he studied the adaptability of several types
of conventional equipment. These included: a rotating moldboard lister,
a two-vay plow, and a three-disk lister. This research also considered
the problems with weed control and tractor wheel spacing. He reported
that ridges were successfully laid out by several different methods,
and that corn yields on ridges will be comparable with other tillage
methods.
In the same research, Buchele also conducted laboratory and field
experiments to determine the soil temperature profile in the ridges he
had constructed. He found the isothermal lines to roughly follow the
ridge profile, with the gradient highly dependent on weather conditions,
month, and amount of residue cover.
In 1969, experiments were conducted by Moldenhauer, Lovely, Swan-
son and Currence (8) to obtain quantitative information on the effects
of slope and tillage system on runoff and soil loss. The three systems
tested were: 1. conventional flat planting, 2. till planting, and 3. no~
till ridge planting. The experiment utilized a rainfall simulator,
with tests conducted on slopes of 3.4, 6.9 and 9.0 percent. Soil loss
for the ridge system was approximately the same for all slopes, and in
all cases was much less than either of the other systems tested.
The most recent work on ridge farming was initiated in 197A, by
Affleck, Kirkham and Buchele (2). The goal of their combined efforts
was to develop an optimum seed bed, which would function well in either
wet or dry conditions. Critical areas of concern were temperature and
moisture profile, aeration, and the mechanical impedance of the soil.
Two years of results indicated the most desirable seed bed profile to
be that of an asymmetric sloped ridge. Also, there was evidence that
for optimal plant performance the ridge should be oriented such that
the planting surface faces south.
SECTION I
Machine Design
Results of the research performed by Affleck, Kirkham, and Buchele
indicated that there was merit in planting corn on the south side (facing
the sun) of an asymmetric ridge. Compared to the treatments of conven
tional flat planting, and planting on a north facing ridge, the corn
planted on the south side experienced both faster emergence and higher
yields. However, the system was not without its faults as well.
Because commercial equipment to shape a ridge of this type was
not available, slightly modified conventional equipment had to be used.
This resulted in a tedious planting operation, consisting of two or three
extra steps, depending on the soil conditions and pre-plant tillage.
First, a symmetric ridge was constructed by making one or two passes with
a rolling type cultivator (Lilliston brand). The cultivator was adjusted
such that it displaced as much soil from the inter-row region as possible.
Next, a modified planter (John Deere model 71) was used to transform the
rounded symmetric ridge into a triangular asymmetric ridge and plant the
corn seed. The modification consisted of a rigidly mounted "scraper"
placed ahead of the planter furrow openers. The angle of the scraper was
adjusted such that the sjnnmetric ridge was shaped into an asymmetric
ridge, having the desired solar inclination angle. The conventional
planter shoe then placed the seed in the soil approximately two-thirds of
the way up the ridge. A photograph of the modified unit planter used by
Affleck is shown in Figure 1.
Figure 1. Modified unit planter used in the Affleck
experiments
Definition of problem and design guidelines
Though the system developed was acceptable for planting small
research plots» it was recognized that improvements must be made before
it could be used on a larger scale. The principal objections which
stood in the way of its adaptation to larger operations were:
1. The method required at least one additional field operation.
2. With the present equipment it was possible to shape a ridge
properly oriented with respect to the sun while travelling in
only one direction (east or west).
These required improvements led to the initiation of a research
project directed specifically towards the design and development of
improved planting machinery. The immediate goal of this project was to
expedite the research being conducted by Affleck. The design objectives
were as follows:
1. The machine would be bi-directional, that is, it would be
capable of producing a ridge of proper orientation with respect
to the sun while traveling in both east and west directions.
2. The basic design would be adaptable with minor modifications
to all common types of tillage systems used in the production
of corn in the Midwest.
3. The machine would be able to plant in fields in which ridges
still existed from the previous crop year, and also be adapt
able to systems where new ridges must be constructed each year
at the time of planting.
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4, In no-till and minimum-till systems, the crop residue would be
windrowed between the rows, leaving the seed planting surface
clear.
From these design objectives, two machine design guidelines were
synthesized. Objective number one, that the machine be bi-directional,
dictated that it be rotatable about some axis, and that it be symmetric
about a plane containing that axis. The three remaining objectives were
related to the machine's soil and crop residue handling characteristics.
It was felt that, of existing tillage or planting implements, the mold-
board plow would most successfully meet these objectives. Since the mold-
board was originally designed for use in fields with heavy crop residue,
it would be adaptable to no-till and minimum-till systems. Also, the
same geometry which is successful in "turning" a soil slice while plowing
would be successful at displacing and windrowing crop residue while con
structing a ridge.
One of the more important design parameters of a moldboard plow is
the approach angle, which is the angle between the plow share and a line
parallel to the direction of travel. This angle is commonly represented
by the Greek letter 6, and normally has a value of 35 to 50 degress (3).
A 6 of 45 degrees was selected for the ridger design.
In summary, the machine design guidelines were:
1, The ridger should be rotatable about some axis, and physically
symmetrical about a plane containing that axis.
2. The ridger should have a shape similar to a plow moldboard with
an approach angle of 45 degrees.
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Prototype I
The first bi-directional ridger designed and built is shown in Figure
2, The drawing shows only the ridging component of the implement. Not
shown are the tool bar and carrier for the ridger and the planting units.
The centerline of rotation of the ridger is contained in a vertical plane
parallel to the direction of travel, and is oriented at an angle of w
with a line perpendicular to the soil surface. Figure 2 is a side view
of the ridger in the neutral position. Figure 3 is a front view of the
same ridger, rotated y degrees clockwise from the neutral position. This
position is called the west position, that is, it will produce a south
facing ridge when the machine is travelling west. Similarly, when the
ridger is rotated y degrees counterclockwise from the neutral position,
it is in the east position.
The angle ^ is the front view projection angle between the ridger
share and the tool bar on which the ridging units are mounted. If the
tool bar is perfectly horizontal, the angle ^ is also the ridge solar
inclination angle.
The geometric relationships between y (angle of rotation), 6 (ap
proach angle), (solar inclination angle of the ridge), and to (construc
tion angle of the centerline of rotation) are:
Tan w = (Tan <f) x (Tan 6) [1]
Tan y = (Tan 6Cos co) ^ [2]
As previously stated, 0 was chosen to be 45 degrees in order to
simulate the action of a moldboard plow, and 4) in the Affleck experiments
was chosen to be 30 degrees. These values were substituted in equation
centerline of rotation
grader blade
section
12
blade
bracket
Figure 2. Side view of the Prototype I ridger
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^ centerline of rotation
grader blade
section
Figure 3. Front view of the Prototype I ridger
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1 and a value for w of 30 degrees was calculated. 0 and w were then sub
stituted in equation 2 to calculate a value for y of 63 degrees. Once
these angles were determined, the design could then be completed.
Construction
The materials used for the construction of the ridger components
were as follows:
Part
Soil engagement section
Beam
Blade bracket
Rotating joint
shaft
tube (not shown in Figure 1)
Rotating linkage (not shown
in Figure 1)
Material
Grader blade section with hardened
share
Nominal 1 inx 3 in 1020 H.R. steel
bar
Nominal 5/16 in 1020 H.R. steel
plate
Nominal Ih in diameter 1020 C.R.
steel bar
Nominal Ik in I.D. x 2 in O.D.
1020 H.R. steel tubing
Nominal 3/8 inx2^ in H.R. steel
bar
Four of these ridger assemblies were constructed and mounted on a
connnon tool bar. Rotating levers of all four ridgers were connected with
two steel bars (nominal 3/8 in x 2^ in 1020 H.R.)> This permitted the
use of one hydraulic cylinder to rotate them as one unit. Figure 4 is a
photograph of the machine.
The ridge planter implement was then completed by mounting four
model 71 John Deere unit planters on a separate tool bar. The attaching
hardware was such that the planting units could be mounted either ahead
15
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Figure 4, Prototype I ridger
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of or behind the ridging components. Figure 5 is a photograph of the
complete ridge planter.
Performance testing
To test the performance of the ridge planter Prototype I, it was
decided to use the implement to plant the test plots of Affleck's experi
ment in the spring of 1977. However, the preliminary trials before
planting indicated that changes needed to be made to facilitate accept
able ridge construction and planting.
One serious problem became apparent immediately. The connecting bar
and cylinder linkage were not rigid enough to support the high loads on
the share points. This allowed the ridger to rotate, reducing the
effective angle of rotation, y. This in turn increased 0, which increased
the draft loads even more. This positive feedback continued until all
the slack had been removed and the linkage had stabilized at new values
of \i and e.
In the first trial runs with the ridger, the decrease in u was about
twenty to twenty-two degrees. By some strengthening of the linkage and
reducing the travel speed from A.8 kmper hour to 3.2 km per hour, Ay was
reduced to twelve to fifteen degrees. The ridger attachment was then
statically adjusted fifteen degrees beyond the desired operating value of
V to compensate for this action.
By making the necessary static adjustment, acceptable values of (j>
and 6 could be obtained during operation, and the test plot planting
could commence. In the experiments, the same ridger was used without
modification for planting plots for four treatments:
17
m
Figure 5. Prototype 1 ridge planter
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Treatment 1. Disk the entire field twice and follow with a harrow.
A rounded sym-raetrie ridge was built with a rolling cultivator,
and was then transformed into a sloped asynnnetric ridge and
planted in one operation.
Treatment 2. Disk the entire field twice and follow with a harrow.
The asymmetric ridge was then built and planted in one operation
(ridger ahead of planter).
Treatment 3. Same as treatment 2, except that the planting units
were mounted ahead of the ridger attachments.
Treatment 4." In a field that was ridge planted the previous year,
the old ridge was reshaped and planted in one operation. No
additional tillage was performed.
Conclusions and suggestions for improvement
Photographs of typical ridge profiles in each treatment were used to
record and aid in the evaluation of performance of the ridge planter
(Figures 6, 7, 8, 9). In these photographs, a steel backdrop with a 50 nnn
X 25 mm grid was used to record the ridge size and angle of 4". A photo
graph of this device in shown in Figure 10. Studies of these photos, as
well as notes made at the time of planting, form the basis of the follow
ing positive statements about performance.
1. The ridge shape was relatively independent of the pre-plant
tillage, direction of travel, and the orientation of the ridging
units.
2, In the no-till treatment (treatment 4), the crop residue, in most
cases, was deposited in the furrow between rows, and not on the
19
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Figure 6. Ridge profile of Affleck treatment 1
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Figure 7. Ridge profile of Affleck treacment 2
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Figure 8. Ridge profile of Affleck treatment 3
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Figure 9. Ridge profile of Affleck treatment 4
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Figure 10, Steel backdrop used in the ridge profile
photographs
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seed planting surface.
3. Overall, the ridge shape was satisfactory.
There were two machine related problems encountered with the ridge
planting system, which were not dealt with immediately. No changes were
made to correct them because it was felt that they would not subtract
from the validity of the experiment. Also, the problems were inherent to
the design, and only extensive and time consuming design and rebuilding
would correct them. These problems were:
1. The planter units had a tendency to slide down the ridge a dis
tance of about eight cm.
2. In treatments where the ridge was built at the time of planting,
it was very difficult to get the outside ridgers to operate at
the same depth as the inside two.
At that time, it was felt that any future work on machine develop
ment could be justified only if the basic design incorporated solutions
to these problems.
Prototype II
From the evaluation of the performance of Prototype I it was decided
that the original design objectives were valid, but were not being com
pletely met by Prototype I. To better achieve these objectives, three
more machine design guidelines were added to the original list. The
complete list of machine design guidelines used to develop prototype II
were as follows:
1. The ridger should be rotatable about some axis, and physically
syiometric about a plane containing that axis.
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2. The ridger should have a shape similar to a plow moldboard,
with an approach angle of 45 degrees.
3. A landside similar to that of a moldboard plow should be in
corporated into the design.
A, The axis of rotation should be selected such that only the soil
engagement section of the ridger will rotate.
5. The planter unit should be rigidly attached to the ridging com
ponent .
The third and fourth guidelines were added to improve the depth
stability and mechanical reliability of the ridger. The fifth was added
to ensure consistent seed row location with respect to the ridge surface.
Figure 11 is a side view of the first concept of Prototype II. In
this layout drawing the implement is shown in the neutral position. The
soil engagement section is made from two moldboard-like pieces with har
dened shares. The two are mirror images of each other, and are welded
together, such that their shares form an angle of a degrees. The welded
assembly is mounted on a rotary joint, with an axis of rotation in a
plane which is parallel to the direction of travel, and tilted backward
w degrees from the vertical.
In operation, the soil engagement section would be rotated y degrees
either clockwise or counterclockwise, depending on the direction of
travel. When rotated to one of the working positions, only one half of
each unit would be involved in the actual construction of a ridge. In
a rear view, the share of this half forms an angle with the horizontal of
degrees, which is the solar inclination angle of the ridge.
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The share of the remaining half of the soil engagement section is
now horizontal and parallel to the direction of travel. In this posi
tion, it functions as a landside. As stated in the design guidelines, a
landside is incorporated to improve the lateral stability of the imple
ment, as in a conventional moldboard plow.
The "moldboard" of the remaining half is also being put to use in
this position. It now helps to windrow the soil and crop residue coming
off the moldboard of the adjacent row unit. When the soil engagement
section is rotated to the opposite working position, the respective
functions of the right and left shares and moldboards are reversed.
As in Prototype I, the desired values for 6 and (p dictate the con
struction and selection of operating angles. The resulting geometric
relationships for Prototype II are as follows:
cos y = cos(a/2)xcos 4> l3]
sin X tan 6 x sin a r, i
tan 0) * 7T a : \ T l^J
(tan e - sin a) x cos <{>
The desired values of 6 and (}) were 45 degrees and 30 degrees, re
spectively. The construction angle of a was arbitrarily chosen to be 45
degrees. Substitution of these values into equations 3 and 4 yields a
value for co of 54.3 degrees, and a value for p of 36.9 degrees.
The necessary rotation is performed with a standard eight in stroke
two-way hydraulic cylinder. One cylinder is required for each row.
Also, shown in the layout is an optional coulter to help cut through crop
residue when used in the no-till and minimum-till systems. Not shown
are the planting units. These were to be rigidly attached to the bearing
tube of the rotary joint, directly behind the soil engagement section.
26
CoTistruction
Using the layout in Figure 11 for guidance, materials were obtained
for the construction of Prototype II. In order to avoid the difficult
and costly task of fabricating a soil engagement unit exactly as speci
fied, it was decided to use moldboards and the attached shares from a
reversible plow. One right member and one left member were welded to
gether to produce one ridger soil engagement section. This assembly was
similar to but slightly larger than that depicted in the original layout
in Figure 11.
The carrier beam construction also departed slightly from the
original layout. It was originally planned to attach the ridge planter
units to a standard tool bar with a four bar linkage. This, along
with a large depth gage wheel would allow the ridge planter units to
follow the terrain. Again, in the interest of expedient construction and
reduced cost, this was replaced by a nominal 1 in x 3 in low carbon steel
bar, which was rigidly attached to the tool bar.
As in Prototype I, the planting units were John Deere model 71 unit
planters. The planter shoe and packing wheel were not modified, but the
floating four bar linkage on each unit was eliminated. The units were
instead rigidly affixed to the bearing tube, as was originally planned.
Two of the ridge planter units described were constructed. A photo
graph of the completed two row implement is shown in Figure 12. Addi
tional photographs are shown in Figures 13, lA, 15 and 16. Each illus
trates a particular unique characteristic of the Prototype II design.
27
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Figure 12. Prototype II ridge planter
J
Figure 13. Gage wheels used to control ridger depth
in Prototype II
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Figure 14. Left share of Prototype II functioning as a
landside - west position
Figure 15. Hydraulic cylinder used to rotate the soil
engagement section of Prototype II
e;J_»V>^,7:Vi*<»-:«*- I ^ . i> ;
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Figure 16. Left moldboard protecting the seed row from soil
and crop residue thrown by the adjacent ridger
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Performance testing
The ridge planter that was built was not used for actually planting
any test plots, but was subjected to performance tests in both untilled
cornstalks and bean stubble in August of 1980. Performance was evalu
ated in four general categories which were as follows:
1. Ridge construction.
2. Seed placement.
3. Material handling characteristics (soil and crop residue).
A. Mechanical durability and stability.
For the purposes of the research, satisfactory ridge construction
was defined as having the desired height, width, and solar inclination
angle. Also, the seed planting surface must be clear of crop residue.
Prototype II could easily be adjusted to produce acceptable height and
width, though the relationship between the two was fixed by the geometry
of the soil engagement section. The adjustment was made by changing the
height of the two gage wheels which were mounted on the tool bar. This
method did not allow for independent adjustment of units, but since there
were only two rows, the error was acceptable given the relatively flat
test fields.
Generally, the resulting ridge profile was satisfactory. Typical
profiles produced in untilled cornstalks and untilled bean stubble are
shown in Figures 17 and 18.
In Prototype II, the planting unit is not allowed to float, but
rather is fixed relative to the soil engagement section. This approach
yields two very beneficial characteristics. First, the seed depth is no
31
Ifessgl
Figure 17. Ridge profile generated by Prototype II in
untilled corn
Figure 18. Ridge profile generated by Prototype II in
bean stubble
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longer dependent on the proper functioning of a gage wheel. Second, the
planting unit will not slide down the ridge as was the case in Prototype
I. Though there was no statistical study performed to compare seed depth
and row placement superiority of Prototype II over Prototype I, observa
tions made during the tests gave no reason to doubt these claims.
The ability to handle a large volume of crop residue is especially
important when planting in untilled cornstalks. When tested in these
conditions, Prototype II was far superior to Prototype I. This was due
to the moldboard-like vertical cutting edge and the sharp discharge angle
of the upper part of the ridger. During the test the implement at no
time plugged or failed to maintain a minimum operating depth.
One possible complaint is that the ridger was at times over aggres
sive. This caused the soil and crop residue to be thrown too far, some
times covering adjacent seed rows, especially at higher speeds. Also,
the length of the hardened shares that came with the plows limited the
ridge size. A longer share length would give much more flexibility in
ridge profile and size.
The most promising features of Prototype II were the inherent
stability and mechanical strength of the design. In fact, the hydraulic
cylinder intended to rotate the soil engagement section and hold it in
place during'operation was not even installed. The ridger was simply
rotated into position by hand, and was held in position by the soil
reaction forces. This was quite a contrast to Prototype I which had to
be adjusted statically to compensate for the large deflections of the
rotating linkage that occurred under the high loads of operation.
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Conclusions and suggestions for future improvements
On the basis of the preliminary field tests it may be confidently
stated that the basic design of Prototype II is a success. In all four
categories of evaluation it was clearly superior to Prototype I. There
are, however, a few areas which should receive attention before Proto
type II is expanded to make a larger implement for use in commercial
operations. These areas are as follows:
1. A soil engagement section should be designed specifically to
meet the requirements of the ridge building operation.
Basically, a longer share and lower soil turning wing are
needed.
2. A floating four bar linkage with depth gage wheel should be
used to attach each row unit to the tool bar. The more row
units there are, the more important this improvement becomes.
3. A packing wheel bracket which rotates about an axis that is
horizontal and parallel to the seed row should be used. This
would allow the packing wheel to always be perpendicular to the
ridge planting surface. Currently, the packing wheel is
always vertical.
4. A rolling coulter to help cut through crop residue should be
mounted ahead of each row unit. This would require either two
coulters, or one which is movable as the share point position
changes with the operating position (east or west).
5. Load and stress analyses should be made to detect any potential
structural problems, and to avoid overspecification of materials.
34
These suggestions for improvement are not basic in nature, but
rather are design refinements drawn from the success of proven tillage
and planting implements. Therefore, the probability of their successful
adaptation to the ridge planting system should be high. The result will
be an implement of such quality, that it will remove the machine barrier
standing in the way of acceptance of the asymmetric ridge planting
system of growing corn.
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SECTION II
Field Experiments
As outlined in Section I, the ridge planter implement referred to
as Prototype I was designed, built and tested in the spring of 1977. At
the end of that crop year it was decided to continue the research for
two more years using Prototype I to plant all test plots. During these
two years, efforts were concentrated on the evaluation of the planting
system itself, instead of the planting machinery.
Definition of test variables
Specifically, the two year project was to study the effects of
variation in ridge construction and orientation with respect to the sun
on plant performance. Treatments consisting of four different combina
tions of ridge height and packing wheel location were tested. Table 1
contains a description of each of the four treatments which were examined
Photographs of each treatment configuration are shown in Figures 19, 20,
21 and 22.
To further test the hypothesis that it is advantageous to orient
the planting surface to face south, direction was also chosen as a test
variable, and was defined as follows: if direction - north, then the
planting surface faced north; if direction = south, then the planting
surface faced south; and likewise with east and west.
Experimental design
The design selected for this experiment had to have the ability to
test two effects, each with four variations (levels), as well as any
interactions between the two effects. Also, as in any field experiment,
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Figure 19. Treatment 1
Figure 20. Treatment 2
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Figure 21. Treacment 3
Figure 22. Treatment 4
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Table 1. Description of treatments
Treatment
number Description of treatment
1 Ridge height of 10.0-12.5 cm
Packing wheel directly over the seed
2 Conventional unridged
Packing wheel directly over the seed
3 Ridge height of 10.0-12.5 cm
Packing wheel up the ridge from the seed
4 Ridge height of 7.5-10.0 cm
Packing wheel up the ridge from the seed
it was desirable to select a design which is capable of estimating the
error due to variability in fertility and slope throughout the test
field, and other environmental effects which cannot be controlled.
A completely randomized block design was chosen to meet these re
quirements. The land area available for the test allowed for six blocks
(replications) to be used. Within each block the four levels of each
effect were combined factorially, to give a total of 16 combinations per
block.
Ideally, the 16 factorial combinations should be arranged randomly
in each block. However, the physical nature of the directions effect
combined with the limited available space did not allow this to be done.
For example, in tests where the seed surface is to face either north or
south, the rows must run east or west. Likewise, to test east or west
facing seed surfaces, the rows must run north and south. For this
reason, each block was divided into "sub-blocks," by the necessary
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pairing of east with west and north with south. The effect of this
pairing on the model and statistical analysis of the data is discussed
later in this section.
Preparation of the test plots
In the crop year prior to the first year experiment, the field had
been planted entirely in corn. That fall the stalks were chopped, and
the residue was incorporated with one pass of a tandem disk and two
passes with a chisel plow.
In the spring, herbicides were uniformly applied as recommended over
the entire field. The application rates were as follows: 1. 1.7 kg per
ha of 2-Choro-A-ethylamino-6-isopropylamino-5-triazine (atrazine).
2. 4.5 kg per ha of Ethyl diisobutuylthioca-bamate (butylate). Fertil
izer was applied in the form of anhydrous ammonia (NH^) at a rate of
157 kg per ha.
Twelve sub-blocks were then laid out. A surveyor's transit was used
to align the sub-blocks with solar north. Each had a square geometry,
with all sides being 30.48 meters in length. Separating the sub-blocks
were roadways 7.62 meters wide.
Next, the twelve sub-blocks were paired to form six complete ran
domized blocks. This pairing was done in a way which was thought to
minimize the error due to variability between sub-blocks within blocks.
One sub-block in each complete block was then randomly selected to con
tain all factorial combinations having east or west facing seed planting
surfaces. The remaining sub-block contained all factorial combinations
having north or south facing surfaces. Each set of eight factorial
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combinations was then randomly assigned a position within its respective
sub-block. The resulting field map of the entire experiment for 1979 is
shown in Appendix A.
Field preparation, both tillage and chemical application, was the
same for 1979 as for 1978. The actual soil conditions after tillage
were not the same, however, as there was much more rain in the spring of
1979.
Before planting, the twelve sub-blocks were again laid out with a
surveyor's transit. An effort was made to place them in the same loca
tion as in the previous year's experiment, although there were no left
over stakes to ensure exact location.
Next, each sub-block was again randomly assigned either the east-
west or north-south factorial combinations. The eight combinations in
each sub-block were also again randomly assigned to their respective
locations.
Evaluation of plant performance
As previously stated, the effects of treatment and direction were to
be quantified in terms of plant performance parameters. The two param
eters chosen were emergence rate and grain yield per area.
Currently there are several acceptable statistics which may be used
to compare the emergence times of replications containing more than one
plant. The statistic chosen for this study is called the Emergence Rate
Index (ERI). The formula for ERI is as follows:
ERI = (% n - ^ (n - 1))
n^first °
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where %n = percentage of plants emerged on day n
% (n-1) = percentage of plants emerged on day (n - 1)
n » number of days after planting
first = number of days after planting that first plant emerges
(first counting date)
last = number of days after planting when emergence is considered
complete (last counting date)
When using this statistic, it is important to remember that a low number
indicates a fast relative emergence.
When recording plant emergence data, only the center two rows of
each of the four row replications were counted. This was done to elimi
nate any possible effects that a treatment preparation may have on an
adjacent one.
Grain yield is reported in kg of com per hectare. As in the
emergence data, only the center two rows of each replication were used.
The grain from these two rows was harvested with a two row combine
equipped with a scale to weigh the harvested grain. A 200- 300 gram
sample was taken from each replication for oven determination of moisture.
Yields were then standardized to 15.5% moisture content computed on a
wet basis.
Statistical analysis of data
The technically correct model for the analysis of the data is:
y = T + D + B+ S + e
where y = observed performance, emergence rate index or yield
T = treatment effects
A2
D = direction effects
B = block effects
S = error due to sub-blocks within blocks
e = experimental error
Before this model can be used to analyze the data collected, estimates
of two error terms must be made. The experimental error, e, can be
estimated by the variance of the data. S is the error term created by
the pairing of combinations containing north and south, with combinations
containing east and west within blocks. However, since there are no
replications of this pairing within blocks, there is no way to estimate
this error term.
These conditions of the model leave two possible directions in which
to proceed with the analysis. One possibility is to limit the compari
sons to combinations appearing in the same sub-block. For example,
compare north only to south. By doing this, the S error term would be
eliminated from the model. However, instead of one model, there would
now be two independent models, one for each sub-block. This would be
the "safest" approach from a statistical viewpoint, since the models
would be technically correct. However, with this approach, the amount
of information which could be obtained from the experiment would be
greatly reduced.
The second approach, and the one which the author has selected,
involves the assumption that the S error term is small relative to the
experimental error, e. As in the first approach, this does permit the
elimination of the S term from the model. The advantage is that one
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model can be use.d to describe all effects. The model used for the
analysis was:
y = T + D+ B + e
Since the ability to make any statistical comparisons was dependent
on the assumption that S is small, some comments should be made about
the validity of this assumption. Differences between sub-blocks within
blocks have many possible sources. Three of the more probable are: 1.
Variations in fertility and soil conditions; 2. Variations in the prep
aration and planting of like combinations; 3. Effects of row direction
alone on plant performance.
The first possible source was held to a minimum by selecting blocks
which were as homogeneous as possible. Also, any variations which may
exist were theoretically removed by the random assignment of the paired
combinations to their sub-blocks.
Also, preparation and planting were done in a way which was thought
to be least susceptible to variation. All of the pre-plant tillage was
done continuously over the entire field with no regard for block bound
aries. Planting was done by completing all replications of a combination
before another was started. Equipment performance was constantly ob
served and adjustments were made whenever necesary.
Unlike the first two possible sources of sub-block differences, row
direction cannot be defined as experimental error. Also, unlike the
first two, nothing can be done to minimize whatever effects row direction
may have on plant performance. This problem in analysis is not due to
the subdivision of the blocks, which was done in the interest of space
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saving. This problem would still exist even if the sixteen factorial
combinations had been completely randomized in each block.
Quantitative information on the effect of row direction on plant
performance can be obtained from a research study performed by Augustine
Y. M. Yao and R. H. Shaw (9). In 1960, they initiated a three year
study designed to determine the effects of plant population and planting
pattern on corn yield and water usage.
From the results of the experiment conducted in 1960, it was con
cluded that there was no significant difference between east-west and
north-south rows when yield is the dependent variable. Given this infor
mation, along with knowledge of how the experiment was designed and
conducted, it was decided that row direction could be neglected in Che
analysis. It was then possible to analyze the data as if it were col
lected from a completely randomized block design.
Discussion of statistical analysis
As stated in the experimental design, it was originally planned to
collect two years of emergence and yield data. Unfortunately, the
emergence data for the first year, 1978, were incorrectly compiled, and
therefore were not included in the analysis. Data relating to the fol
lowing were successfully collected and compiled:
1. 1979 emergence rate index
2. 1978 yield
3. 1979 yield
The analyses of variance were performed for these three dependent
variables, and are compiled in Tables 2, 3 and 4.
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Table 2. ANOVA of emergence rate index 1979
Source DF Sum of squares Mean square F
Model 20 112.00 6. 22 1.27
Block 5 17.41 1.18
Treatment 3 16.45 1.12
d
Direction 3 11.60 0.79
N vs. S 1 1.84 0.23
E vs. W 1 0.63 1.54
NS vs. EW 1 9.13 1.80
TRT X D 9 66.54 1.51
Error 75 220.80 4. 91
Total 332.80
Direction refers to the aspect of the planting surface.
Table 3. ANOVA of 1978 yield
Source DF Sum of squares Mean square F
Model 20 25880362 1294014 3.03*
Block 5 3831603 1.80
Treatment 3 4871448 3.80
Direction^ 3 11275806 8.81
N vs. S 1 74 0.00
E vs. W 1 288545 1.24
NS vs. EW 1 10989431 ♦ 24.26
TRT xD 9 5899176 1.54
Error 75 32009948 426799
Total 95 57890231
^xrection refers to the aspect of the planting surface.
*
Indicates significance at ct « 0.10.
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Table 4. ANOVA of 1979 yield
Source DF Sum of squares Mean square F
Model 20 45220520 2261002 2.40
Block 5 7604992 1.61
Treatment 3 834496 0.29
Direction 3 25453405 8.99*
N vs. S 1 712621 1.41
E vs. W 1 1577942 1.26
KS vs. EW 1 23162881 24.33
TRTx D 9 11327626 1.33
Error 75 70798404 943978
Total 95 116018810
Indicates significance at a = 0.10.
With emergence rate index as the dependent variable, neither treat
ment nor direction was significant in 1979. However, study of the means
indicated a trend that both the north and south facing ridges experienced
faster emergence than either the east of west facing ridges. Also, the
south had a slight advantage over the north. This is in agreement with
the results reported by Affleck (1).
In 1978, both treatment and direction had statistically significant
effects on yield. Treatment 1 had the highest yield of all treatments,
with 10,278 kg per hectare, and was significantly greater than all three
of the other treatments. There was no significant difference between
treatments 2, 3 and 4. This is reflected in the listing of means in
Table 5, and is verified by the analysis of variance in Table 3. The
orthogonal comparison of TRT 1 vs. TRT (2,3,4) accounts for most of the
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Table 5. Means for 1978 yield (kg/ha)
Treat- Direction' LSD, CL « 0.05
ment N S E W main effects interactions
1 10634 10618 10013 9847 10278 310 439
2 10390 9839 9374 9988 9898
3 9942 10140 9375 9279 9687
4 10031 10391 9834 8843 9775
10249 10247 9649 9494 9910
Direction refers to the aspect of the planting surface.
treatment sums of squares.
The effect of direction on yield was very similar for the two years
that the experiment was performed. In both years, direction was highly
significant, with F values of nearly 9. Partitioning of the direction
sums of squares showed that the orthogonal comparison of NS vs. EW
was responsible for most of the effect. In the 1978 data, the sums of
squares for this orthogonal comparison were approximately 97% of the
total direction sums of squares, and approximately 91% in 1979. Table
6 contains the means and least significant differences for 1979 yield.
Two other orthogonal comparisons were also performed. They were
E vs. W and N vs. S. Neither of these was statistically significant.
Conclusions and suggestions for future work
A conclusion based purely on the available data would be that the
emergence rate index of corn plants is not significantly affected by
treatment or direction. As was mentioned earlier, however, the spring
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Table 6. Means for 1979 yield (kg/ha)
Treat
ment N
Direction ^
S E W
LSD, a = 0.05
main effects interactions
1 12686 12416 11475 10185 11691 461 652
2 11945 11832 11343 11289 11602
3 11481 11980 11202 11133 11449
4 11608 12466 10982 10945 11500
11930 12173 11251 10888 11561
Q
Direction refers to the aspect of the planting surface.
of 1979 was abnormally wet, and the effectiveness of the preplant tillage
was greatly reduced. This caused the ridger to turn up "slabs" of soil,
resulting in a very rough and non-uniform planting surface. This in
turn made the control of seed depth difficult. Seed depth then became
another variable which in the given statistical model should increase
the estimate of population variance or mean square error. Whenever this
is done there always exists the possibility of masking differences, in
this case emergence rate index.
t
Still, in the opinion of the author the statistical analysis leads
to a valid conclusion. The reasons are as follows:
Firstly, in the theory presented by Affleck, the solar advantage of
a south facing seed planting surface on an asymmetric ridge is maximum
for early planting; that is, planting on or before April 18. Planting
dates for the new study were May 2 in 1978, and May 9 in 1979. There
fore, great differences should not be expected.
Secondly, in the research performed by Affleck, emergence rates
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were never found to be statistically significant. It should be noted
that the statistics used to report emergence rates in the two projects
were not the same.
As stated, the analysis of yield data indicated several significant
effects, most concerning direction. The only treatment difference in
dicated by the analysis occurred in only one year. In the data, the
orthogonal comparison of TRT 1 vs. TRT (2,3,4) accounted for most of the
treatment sums of squares.
Since this was a one year occurrence, any positive statement about
the effect of treatment on yield would be premature. Rather, it can at
this time only be said that there seems to exist a non-negligible
probability of a significant effect of treatment on yield. In view of
the number of replications required to show significance, the cost of
each replication, and the estimated economic difference in yield, a pro
ject to study this question alone is not justifiable.
The observed effect of direction on yield was not only significant
and repeatable, it was also quite contrary to the theory of the asjon-
metric ridge planting method. The theory would be supported by the
significance of S vs. N. However, the analysis if variance showed
this not to be true. The only significant comparison was NS vs. EW.
This strongly implied that the asymmetric nature of ridge construction
and seed placement is not necessary. It appears that the yield of
plantings on an asymmetric ridge would be no greater or no less than
plantings on a rounded symmetric ridge. The importance of this infor
mation is not related to yield difference, but rather to machine
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complexity. The symmetric ridge is much simpler to construct and main
tain.
Based on this evidence, one should reject the hypothesis that it is
advantageous to plant on an asymmetric ridge facing south. However, one
of the qualifications of the theory is that it be applied primarily to
early planting. Considering the planting dates of this research, it may
be argued that this was not done. For this reason, the author recommends
that any future tests be performed at a minimum of two planting times,
with planting time being quantified by soil temperature, rather than by
calendar date.
Future work should be performed to test the effects of ridge con
struction and orientation on the plant performance parameter of yield.
The test should be a field experiment using at least two planting dates.
The variations which should be tested are as follows:
1. Asymmetric ridge, north facing seed planting surface.
2. Asymmetric ridge, south facing seed planting surface.
3. Rounded symmetric ridge with the seed row in the center.
An optional addition, depending on the available space, would be the
control treatment of conventional flat planting.
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COMPREHENSIVE SUMMARY
In 1977, an Implement designed to simultaneously construct an
asymmetric ridge and plant corn on the ridge was built. In this thesis,
this implement is referred to as Prototype I. Machine testing was con
ducted while using the implement to plant the test plots needed in the
research being conducted by Affleck, Kirkham and Buchele.
Evaluation of the machine performance led to the formulation of an
expanded set of machine design guidelines. Using these guidelines.
Prototype II was designed in the fall of 1977, but was not built and
tested until late summer of 1980.
Prototype I was utilized to plant test plots in a new experiment
designed to evaluate the asymmetric ridge planting system. Effects of
variations in ridge construction and solar orientation of the seed
planting surface were studied. This research was started in 1978 and
ran for two years.
Conclusions
1. With available state of the art design refinements. Prototype
II would be adaptable to a high production commercial farm
operation.
2. In central Iowa, for planting dates after May 2, com plant
emergence is not affected by either variation in ridge con
struction (treatment) or solar orientation of the seed surface
(direction).
3. With normal precipitation, corn planted on asymmetric ridges
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in east-west rows will produce significantly greater yields
than that planted similarly in north-south rows.
Suggestions for Future Work
1. A four row ridge planter based on the design of Prototype II
should be designed, built and tested.
2. A field experiment should be conducted to compare the yields of
the following three ridge planting systems;
a. an asyimnetric ridge, north facing seed planting surface,
b. an asymmetric ridge, south facing seed planting surface,
c. a symmetric ridge with the seed row in the center.
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APPENDIX A: FIELD MAP, 1979
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APPENDIX B: DATA
The following abbreviations were used in the computer printout of data
OBS observation number
BLK block number
TRT treatment number
D direction (1 = north, 2 = south, 3 = east, 4 = west)
WW mass of grain sample at harvest, grams
DW mass of oven-dried sample, grams
TAR mass of sample container, grams
Y weight of grain harvested, pounds
The following were used in the 1979 data only:
Ml emergence count for row 1 on May 29
M2 emergence count for row 2 on May 29
J1 emergence count for row 1 on June 1
J2 emergence count for row 2 on June 1
J3 emergence count for row 1 on June 6
J4 emergence count for row 2 on June 6
J5 emergence count for row 1 on June 12
J6 emergence count for row 2 on June 12
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1978 data
oas Y BLK TRT • w« Oif TAR
I 93>6 2 247 211 36
z 79.7 3 244 200 31
3 99.0 1 243 291 42
4 89*9 4 2 247 202 31
5 92.7 3 2 244 200 34
6 92.2 2 221 181 28
T 89. 0 1 4 251 208 44
a 86.7 2 t 307 247 28
9 95.0 2 2 278 224 27
10 87.0 4 3 221 181 28
1 1 92.6 4 245 200 34
12 9S.0 3 3 248 203 29
13 <33.7 1 3 234 189 28
1 * B3.6 4 * 250 204 28
IS n6.2 1 3 4 235 191 36
16 96*2 2 3 246 201 29
17 83.3 2 4 260 212 30
18 77.7 2 2 4 261 214 30
19 79.0 2 4 4 250 203 29
20 87.0 2 3 4 270 222 37
21 76*6 2 4 3 234 186 2S
22 81.8 2 2 3 275 222 29
23 83.2 2 3 3 250 201 28
24 92.2 2 3 238 232 27
25 87.6 2 3 289 232 27
26 94.6 2 4 2 26S 212 25
27 96.0 2 2 I 279 222 28
28 83.9 2 2 279 222 28
29 86.5 2 30 7 247 28
30 90.2 2 4 291 232 28
31 86.4 2 2 262 213 28
32 94.9 2 3 1 268 217 28
33 94. 9 3 262 212 28
34 99.2 3 4 277 224 36
35 98.9 3 2 273 221 29
36 96.9 3 3 1 255 203 27
37 89*9 3 2 2 252 204 28
38 92.7 3 2 333 266 29
39 87.6 3 3 2 267 215 27
40 87.5 3 4 1 261 210 26
4t 82.8 3 3 273 229 49
42 87.4 3 2 4 266 220 36
43 85.7 3 3 3 277 229 36
44 79«6 3 4 4 246 202 37
45 93.2 3 3 4 267 219 39
46 82.3 3 2 3 252 208 37
47 82.7 3 4 252 204 25
*8 86*0 3 4 3 242 198 21
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•as V OLK TRT 0 mm 0« tac
«9 74*6 4 4 4 244 20 0 30
SO 86*0 4 3 4 25 1 297 29
SI 80.2 4 2 3 243 200 26
S2 86. 1 4 3 249 209 36
53 84.2 4 2 4 264 219 29
54 82. 1 4 3 3 298 21 1 26
55 87.6 4 4 3 2t>2 212 28
56 a3«6 4 1 4 237 195 29
57 82*0 4 2 1 228 1 86 26
58 82.8 4 3 1 231 189 28
59 84.4 4 4 1 230 I 86 21
60 89. 9 4 1 I 238 194 25
6t 8 8*7 4 2 2 237 194 22
62 88.0 4 1 2 249 20S 30
«3 88.4 4 4 2 220 180 20
64 9<9.6 4 3 2 264 216 40
65 90.9 5 3 231 1 90 25
66 79.3 5 2 3 256 209 28
67 85.4 S 3 3 246 202 33
66 67.8 5 4 4 245 200 30
49 at.s 5 4 3 237 1 93 28
70 84.1 5 S 4 237 195 27
71 85.2 5 1 4 246 201 29
72 73.6 5 3 4 238 196 34
73 99.9 5 3 2 256 208 28
74 tOO.7 5 261 214 29
75 98.0 5 3 246 200 29
76 92. 7 5 4 2 254 210 40
77 106.1 5 2 211 170 21
7a 90*0 5 2 266 219 42
79 87. 1 5 4 243 198 29
80 80.4 S 2 2 246 202 29
81 77.7 6 1 250 204 27
82 84.3 6 4 221 1 79 26
S3 71.0 6 3 2 24« 1 99 29
84 89.8 6 2 249 20 1 28
85 81.2 6 3 254 206 29
S6 79.7 6 2 2 254 207 45
87 96*2 6 1 2 251 205 30
88 101.0 6 4 2 249 201 25
99 80. 1 6 4 4 219 181 33
90 87. 1 6 2 4 219 180 35
91 Tl .0 6 3 3 248 201 21
92 85.2 6 1 4 256 211 28
93 78.8 6 3 4 245 199 29
94 88.9 6 4 3 239 195 29
95 86.4 6 2 3 237 193 29
96 94.4 6 1 3 256 211 37
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